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High Turbulence MUI and Bi-negative Pressure Tiirbine Thereof 

FIELD OF THE INVENTION 

The present invention relates to a device for producing supeimicro powder and 
nanoinaterials, and more particularly, to a high turbulence mill for grinding materials into 
supermicio powder and a bi-negative pressure turbine adapted for the high turbulence miU. 
The fields into which the high turbulence mill could be applied not only include high-tech 
fields such as military, aerospace industries, but also include many other fields such as 
microeledronics, new drugs, new material, new energy, as well as general chemical, 
mechanical, metallurgy, environmental protection, food and daily-use products industries- 

BACKGROUND OF THE INVENTION 

For domestic and overseas science and technology domain, the technique for producing 
super find powder could be deemed as a "trans-century" high-tech. 

Rapid development in science and technology endows supennioro materials and 
nanomaterials with wide application prospects, and also the research regarding supeimicro 
materials and nanomaterials is very importaixt for promoting the progress of related industries. 
In general, powders with a granularity of 1 micrometer level or less are referred as supermicro 
materials, and powders with a granularity of 0.1 micrometer level or less are lefOTcd as 
nanomaterials. 

Till now, there has been no report regarding the technology of producing supermicro 
material (sub-micrometer scale). It is said that supeimicro materials are of a botde-neck 
material from superfine materials to nanomaterials, but there seems to have no suitable 
technology or equipments for producing such materials. 

Equipments for producing superfine materials include mechanical impact pulverizer, 
air jet pulverizer and vibrational grinder etc. An upper limit of the granidarity which could 
achieved by these equipments can only reach about 5 micrometer. There have been many 
reports about the technology for producing nanomaterials, which mainly utilizes chemical 
methods, such a$ solid-phase method, liquid-phase method, gas-phase method and plasma 
method, laser method etc. Some investigations claim that nanomaterials produced by chemical 
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methods usually have changes in physical properly thereof, and thus can not exhibit a desired 
efifect when in use, Moreover, it is difficult to solve the problem of conglomeration of such 
materials. Therefore, the production efficiency is low and the induction cost is high, which 
leads that nanomaterials can ocJy be produced in a small amount bi laboratories and caimot be 
made in industry, 

Supermicro (sub-micrometer scale and nano scale) material could be deemed as a basic 
material in 21st centuiy, and also is one of the most popular fields in the high-t«ch world. 
Whether the supmuicro and nanomaterials could be produced by means of physical 
preparation technologies is a trans-century hot research topic that has raised worldwide 
attention from science and technology field, Many governments, especially those of developed 
countries, have devoted huge amount of money in the research and development of such 
technologies. 

SUMMARY OF THE INVENTION 

In view of the cuirent situation as well as the technical problems existing in the research 
and development of supermicro pcwder materials and nanomaterials and their application, an 
object of the present invention is to provide a pulverizing or grinding device which is better 
than conventional pulverizing or grinding equipments, and is able to produce supermicro 
powder and nano powder with a high efficiency. 

In ordCT to achieve the above-mentioned object, the present invention provides a 
bi-negative pressure turbine for a high turbulence mill, which comprises a base plate and a 
plurality of blades provided at both sides of the base plate and having the same spiral 
orientation, wherein the blades at cither side of the base plate are uniformly arranged in a 
circumference direction of the base plate; and the blades at one side of the base plate alternate 
with those at opposite side of the base plate in the circxmiference direction of the base plate. 

In the bi-negaiive pressure turbine as described above^ each blade having a curved profile 
with an L-shaped cross section, is composed of a base and a rib portion extending from the 
base in a direction perpendicular to the base, with two screw holes perforated at an inner side 
portion of the base through which bolts are inserted to fix the blade onto Ihe base plate. 

In the bi-negative pressure turbine as described above, the base of the blade is formed 
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with a first inclined surface at an outer side end thereof, and an angle o fonned between the 
first inclined surface and a plane of the base plate is in a range of 30° -60° . 

In the bi-negative pressure turbine as described above, the blade is further formed with a 
second inclined surface at a side end fliereof closer to a centre of Il» base plate, and an angle p 
fonned between the second inclined sinfece and the plane of base plate is in a range of 45° -70 

■ 

In the bi-negative pressure turbine as described above, the curved profiles of the blades 
are fonned in such a manner that radial outer edges of bases of the blades coincide with a base 
circle of the base plate, radial inner edges of the blades are positioned on a circle concentric 
vwth the base circle, and a transverse inner edge and a transverse outer edge of each blade are 
two arcs with the same circle centre. 

In the bi-negative pressure turbine as described above» the same circle centre of the 
transverse inner edge and the transverse outer edge of the blade is a point at which a first arc 
and a second arc intersect; wherein the first arc has a radius as long as a radius of the base 
plate; and takes a first intersection point at which the base circle of the base plate and a first 
line passing through the centre of the base plate intersect, as its circle centre; and wherein the 
second arc has a radius as long as the radius of the base plate; and takes a second intersection 
point at which an arc taking the centre of the base plate as its centre and having a radius 
0.25-0.35 times as long as the radius of the base plate and a second line passing through the 
centre of the base plate and having a degree of 45** formed with the first line intersect, as its 
circle centre. 

The bi-negative pressure turbine as described above, fiirther comprises a plurality of 
toothed impact plates arranged in pairs between two adjacent blades at both sides of the base 
plate. 

In the bi-negative i^ressure turbine as described above, the toothed impact plate 
comprises: a mounting portion formed with two mounting holes through which bolts are 
inserted to fix the toothed impact plate onto the base plate; and an operating portion located 
above the mounting portions which is integrated with the mounting portion via a 
swallow-tailed slot thereof and is fonned on its top with rectangular teeth extending in a 
circumfetence direction of the base plate. 
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The present invention also provides a high turbulence mill having the above-mentioned 
bi-negative pressufe turbine, for producing supennicro powder, wherein the high turbulaice 
mill comprises; a driving device provided on a base and comprising a motor and a driving 
shaft coupled with the motor; a hollow grinding casing arranged above the base and having a 
toothed ring-shaped guide stator fixed to an inner circumference thereof; a bi-negative 
pressure turbine rotatably mounted within the grinding casing and driven by the driving device; 
a hopper for delivering materials into the grinding casing via a material feeding pipe; a 
material discharging pipe communicated with the grinding casing, for discharging puJv^ed 
pioducte; and a coiitrol device for electrically controlling the high turbulence mill When said 
bi-negative pressure turbine spins at a high speed inside the grindiag casing under the driving 
operation of the electric motor, it ^11 stir vortexes and turbulence in air and materials within 
the grinding casing so that a gas-solid two-phase flow is formed. Furthcmore, the materials 
are subjected to effects of the toothed ring-shaped guide stator and the high turbulence field. 
Thus, violent self-grinding effect impact and strong shear force are generated among fine 
particles or the powders, and then an accelerated and effective pulverization of the materials is 
obtained^ 

In the high turbulence mill as described above, the grinding casing is water-cooled and is 
divided into an inner chamber and an outer chamber, and the outer chamber is communicated 
with a circulating water tank. 

The high turbulence mill further includes a spiral conv^er driven by a speed-adjustable 
electric motor, both ends of the spiral conveyer respectively connected with the hopper and 
the material feeding pipe, for delivering materials into the grinding casing. 

In the high turbulence mill as described above, an end of the material discharging pipe is 
connected with a spherical connector, a cyclone collector, a cloth-bag collector, and an 
inducing fen in series, for collecting the finalized products. 

In the high turbulence mill as described above, the grinding casing is provided with an 
inner flange plate and an outer flange plate at each of left and right sides thereof; a mountrng 
hole is formed at a center portion of one inner flange plate at one side, and the driving shaft of 
the driving device goes through the mounting hole and is fixed to the bi-negative pressure 
turbine located witliin the grinding casing by a boltj a material inlet is formed on a region of 
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said one inner flange plate over the mounting hole, and the material feeding pipe is connected 
to the material inlet; and a material outlet is fonned at a center portion of the inner flange 
plate at the opposite side, and the material discharge pipe is connected to the material outlet. 

In the higjh turbulence mill as described above, the toothed ring-shaped guide stator has 
50 or more senate teeth, each of which has a tooth angle between 40^ -50'' . 

The high turbulence mill according to the present invention utilizes a high turbulence, 
which is generated as a result of a high speed rotation of the specifically designed bi-negative 
pressure and dual vortex turbine, to pulverize or grind materials. A high turbulence is 
occurred when Renault number Re>l,5X 10^ The Renault number of the turbulence mill of 
the present invention has reached a level of Re>6.6X 10^ by which the generation of a high 
turbulence is assured. 

An important characteristic of turbulence is irregularity, i.e. an irregular and random 
movement composed of diflEerent sized vortexes. Its essential characteristic is random pulses. 
Its speed field and pressure field are random not only in respect to time domain but also in 
respect to space domain. Another crucial characteristic of turbulence is the diffusion of energy. 
Vortexes in the turbulence may lead to energy exchange within the fluid flow, that is, mass 
points with higher energy pass kinetic energy to mass points with lower energy while mass 
points with lower energy also affect mass points with higher energy. As a result, such a 
diffusion effect enhances the transfer of kmetic energy. 

When solid materials to be crushed are exposed to a high turbulence field, a gas-solid 
two-phase flow will be formed. The turbulence energy from the turbine is transferred 
gradually from larger vortexes to smaller vortexes by an inertia effect generated by a rotation 
at a high speed. As a result, materials are effectively crushed due to violent impact, 
self-grinding effect, shear effect generated due to the complicated turbulence. 

The high turbulence mill achieves a breakthrough on the pulverizing mechanism, and 
possesses specific technical features such as bi-negativ^ pressure, dual vortexes^ high 
turbulence and high centrifugal force, and also possesses beneficial effects such as energy 
saving, capable of producing supennicro (sub^mictometer) powders and perfect 
environmental protection perfonnance, thereby solving many shortcomings of currently used 
mechanical pulverizing method which have been addressed by industries and experts in the art 
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jfor many years. 

With the same power, an output of the high turbulence miU according to the present 
invention is 10 times that of current advanced jet mill, and energy consumption is only 10% of 
that of the latter. The pulverizing energy of the high turbulence mill doubles that of the jet mill, 
degree of pulverizing fineness exceeds sub-micrometer scale and its average granularity 
reaches a nano scale. Perfect technical effects are achieved in respect of both quality and 
quantity. 

The high turbulence mill of the present invention offers a feasible way to realize a mass 
production of supenmcro materials and nanomaterials. 

The present invention will be described in detail refemng to a preferred embodiment 
with reference to the accompanying drawings, 

BRIEF DESCRIPTION Of DRAWINGS 

FIG, 1 A is a front view of the high turbulence mill according to the present invention; 
FIG- IB is A side view of the high turbulence miU according to the present invention; 
FIG. 2 is a schematic view showing the structux^ of the bi"negative pressure turbine of 
the high turbulence trdll according to present invention; 

FIG. 3 is a sectional view of the bi-negative pressure turbine taken along the line A-A of 

FIG. 2; 

FIG. 4 is a view of the arc-shaped blade mounted on the turbine shown in FIG. 2; 
FIG. 5 is a sectional view of flie arc-shaped blade taken along the line B-B of FIG, 4; 
FIG. 6 is a partial view of the blade in FIG. 4, viewed in the direction indicated by C; 
FIG. 7 is a view showing the toothed impact plate of FIG, 2; 
FIG, 8 is a side view of the toothed impact plate shown in FIG. 7; 
FIG. 9 is a perspective view showing the bi-negative pressure turbine of FIG. 1, during a 
disassembly process; 

FIG* 10 is a perspective view showing the toothed ring-shaped guide stator of FIG. 1, 
during a disassembly process. 

Reference numbers and corresponding items designated by the reference numbers are 
listed in detail as follows. 
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hopper 


1 


toothed impact plate 


20 


circulating water taidc 


2 


grinding casing 


21 


speed-adjustable electric motor 


3 


baseplate 


29 


material feediag pipe 


4 


base circle of base plate 


291 


supporting frame 


5 


screw holes 


151, 152 


driving device 


6 


base 


153 


supporting j&ame 


7 


lib portion 


154 


base 


8 


first inclined surface 


155 


material discharging pipe 


9 


second inclined surface 


156 


fixing bolt 


10 


radial outer edge 


157 


spnencal connector 


11 


radial inner edge 


158 


inner flange plate 


12 


transverse outer edge 


159 


outer jQange plate 


13 


transverse inner edge 


160 


Spiral conveyer 


14 


mounting portion 


210 


blade 


15 


operating portion 


220 


bi>iiBgatiye piessure turbine 


16 


mounting boles 


230, 240 


tootled ring-sh^d guide stator 


18 







DETAILED DESCRIPTION OP PREPKRHED EMBODIMENTS 

A high turbulence tnill according to liie present invention is shown in FIGS, 1 A and IB, 
which mainly includes a base 8, a grinding casing 21, a driving device 6, a spiral conveyer 14 
and a control device and the like. The entire high turbulence mill is a horizontal one. The 
driving device 6 is mounted onto the base 8 via supportmg frame 7^ and comprises a motor 
and a driving shaft connected to an output shaft of tlie motor. In the embodimttit of the 
present invention, the motor is preferably a variable frequency motor, and the driving shaft is 
connected to the variable frequency motor to drive a bi-negative pressure turbine 16 within the 
grinding casing 21. 

The spiral conveyer 14 is secured onto the base 8 through a supporting frame 5, and 
positioned above the grinding casing 21. A hopper 1 is aixanged over the spiral conveyer 14^ 
for transfeiring the materials to be crushed into the spiral conveyer 14. The spiral conveyer 14 
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is driven by a speed adjustable motor 3. 

A bi-ncgative pressure turbine 16 and a toothed ring-shaped guide stator 18 are provided 
within the grinding casing 21 * The bi-negative pressure turbine 16 is connected to the driving 
shaft of the driving device 6, and may be rotated at a high speed in the grinding casing 21 by 
means of the driving shaft. The structure of the bi-negative pressure turbine 16 will be 
described in detail hereinafter. The toothed ring-shaped guide stator 18 is fixed to an inner 
circumference surface of the grinding casing 21. 

A circulating water tank 2 is arranged above the grinding casing 21 . The griijding casing 
21 is divided into an inner chamber and an outer chamber wherein the outer chamber of the 
grinding casing 21 communicates with the circulating water tank 2. In this way, the operation 
temperature of the grinding casing 21 may be reduced by the water in the circulating water 
tank 2 so as to prevent the change in physical property of heat sensitive materials due to high 
grinding tempemtures. 

At each of left and right sides of the grinding casing 21, an inner flange plate 12 and an 
outer flange plate 13 are provided. A mounting hole is formed at a center of the left inner 
flange plate 12, through which the driving shaft of the driving device 6 is fixed to the 
bi-negative pressure turbine 16 located within ihe grinding casing 21 by a bolt 10. Further, a 
material inlet is fomed on a region of the left inner flange plate 12 above the mounting hole. 
A material feeding pipe 4 connects the material inlet to the spiral conveyer 14. A material 
outlet is fonned at a center portion of the right outer flange plate 13, A material discharging 
pipe 9 connects the material outlet to a spherical connector 1 1 provided at the outside of the 
grinding casing 21, The right outer flange plate 13 could be designed according to a desired 
size of output powders. In other words, as the material outlet becomes wider, powders with 
larger sizes and a correspondingly larger oulput volume would be achieved, In contrast, as the 
material outlet becomes narrower, powders wifli smaller sizes and a correspondingly smaller 
oulput volume would be achieved. 

The spherical connector 1 1 is connected to a cyclone collector (not shown), and then the 
cyclone collector is connected to a cloth-bag collector (not shown), and next the cloth-bag 
collector is connected to an inducing fan (not shown), thereby collecting the finalized products. 
Since these equipments are known for those skilled in the art, a detailed description of them is 
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omitted herein. 

The control device is mainly composed of an electric control cabinet and a control panel, 
and is adapted to control the start-up, cessation of Hie high turbulence mill, as well as the 
rotation speed of the motor, according to different requirements, 

As shown in FIG. 2, the bi-negative pressure turbine 16 according to the present 
inveixtion comprises a base plate 29 and a plurality of blades 15 fitted on the base plate 29. 
The blades at eiflier side of the base plate m uniformly arranged in a circumference direction 
of the base plate; and the blades at one side of die base plate alternate with those at opposite 
side of the base pla(te in the circumference direction of the base plate. In other words, the 
blades at one side do not coincide with the blades at the opposite side; and the blades at both 
sides are not symmetrical with respect to the base plate, Further, a plurality of toothed impact 
plates 20 is mounted on Ae base plate 29 to cooperate with the blades 15 and enhance 
grinding effect, The plurality of toothed impact plates 20 are respectively arranged at a 
position between two alternately arranged blades, and is symmetrical with respect to the base 
plate. The toothed impact plates 20 and the blades 15 are fixed to the base plate 29 
respectively by a hexagon head bolt, a gasket, a flat washer and a nut, in a manner that all 
impact plates and blades have the same spiral orientations. As shown in FIG. 2, the toothed 
impact plates 20 and the blades 15 are alternately distributed on the left and right sides of the 
base plate 29, so as to achieve a dynamic balance of the bi-negative pressure turbine 16. In the 
present embodiment, eight groups of blades and toothed impact plates are provided. That is, at 
either side of the base plate 29, four groups of blades and four groups of toothed impact plates 
are provided. 

As shown in FIGS, 4, 5 and 6, the blades 15 has a curved profile, and also has an 
L-shaped cross section. The blade 15 includes a base 153 and a lib portion 154 extending 
along a direction peipendicular to the base 153. Two holes 151 and 152 are perforated on the 
base 153 for bolts to pass through to hold the blades 15 onto the base plate 29. As shown in 
FIG, 5, a side end of the base 153 facing outwardly is fonmed with a first inclined surface 155, 
wherein the angle a formed between the first inclined surfece 1 55 and a plane of the base plate 
29 is in a range of 30^ -60° , preferably 45° . A side of the blade 15 closer to the centre 0 of the 
base plate is formed with a second inclined surface 156. Particularly, the second inclined 
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surface 156 is formed both on one end of the base I S3 closer to the cenlre of the base plate, 
and one end of the rib portion 154 closer to the centre of the base plate. The angle p formed 
between the second inclined surface 156 emd a plane of the base plate 29 is in a range of 45** 
-70* , preferably 60* , as shown in FIG. 6. 

Furthermore, as shown in FIG. 4 and FIG. 2, in order to reduce abrasion of the blade, the 
blade is formed in a curved profile such that a radial outer edge 157 of the base 153 of Ihe 
blade 15 coincides with the base circle 291 of ihe base plate 29, and radial inner edges 158 of 
all blades 15 are positioned on a circle concentric with the base circle 291; a transverse inner 
edge 160 and a transverse outer edge 159 of each blade 15 are two arcs with the same circle 
centre. In an embodiment, the same circle centre of the transverse inner edge 160 and the 
transverse outer edge 159 of the blade is a point at wtich a first arc and a second arc intersect 

r 

wherein the first arc has a radius as long as a radius of the base plate; and takes a first 
intersection point C at ^ch the base circle 291 of the base plate 29 and a first line passing 
through the centre 0 of the base plate 29 intersect, as its circle centre; and the second arc has a 
radius as long as the radius of the base plate; and lakes a second intersection point B at which 
an arc 292 taking the centre 0 of the base plate as its centre and having a radius 0,25-0.35 
times as long as the radius of the base plate and a second line passing through the centre O of 
the base plate and having a degree of 45' formed with the first line CO intersect, as its circle 
centre. 

As shown in FIGS. 7 and 8, the toothed impact plate 20 comprises a mounting portion 
210 and an operating portion 220. The mounting portion 210 could have any suitable shape as 
long as the shape could assure the momitiftg portion to be fitted between the blades of the base 
plate. As shown in FIG,2, the shape of the moimting portion 210 in a fir^ embodiment is a 
distorted sector shape, so as to be in accordance with the profile of the blade. Also, as shown 
in FIGS, 7 and 8^ the mounting portion has a rectangular profile with a rounded end. Two 
mounting holes 230 and 240 are formed on ihe mountmg portion, for fixing the toothed 
impact plate 20 to the base plate 29 by bolts. The operating portion 220 is positioned above 
the mounting portion 210, which may be integrally formed with the mounting part 210, or 
may be a separated piece to be fixed onto the mounting part 210 by bolts. In the embodiment 
as shown in FIGS. 7 and 8, the operating portion 220 is formed with a swallow-tailed slot at 
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the lower end tihereof. A cDrrespouding rail portion is fonned on the mounting portion 210, 
which facilitates replacement of a worn operating portion. Rectangular impact teeth are 
formed on a top portion of the operating pc«tion 220, and arranged in a circumference 
direction of the base plate 29. Meanwhile, as shown in FIG. 2, the side of each blade 15 
having rib portion 154 is adjacent to corresponding toothed impact plate 20. That is, each 
toothed impact plate 20 is always arranged at one side of coiiesponding blade 15 having the 
rib portion 154. 

As shown in FIG, 9, a process of fitting an assembled bi-negative pressure turbine 16 
into the grinding casing 21 includes the steps of mounting the bi-negative pressure turbine 16 
onto the driving shaft eictending into the grinding casing, and fixing tiiem together by a bolt 1 0. 
As such, the bi-negative pressure turbine 16 will rotate in the grinding casing 21 under the 
driving force of the motor. 

FIG, 10 shows a state that the toothed ring-shaped guide stator 18 of the present 
invention is detached from the inner circumference of the grinding casing 21. The toothed 
ring-shaped guide stator 18 has 50 or more serrate teeth, each of which has a tooth angle 
between 40"-50^ The toothed ring-shaped guide stator 18 is fitted onto the inner 
circumferential wall of the grinding casing 21 by means of an interference fit and/or key 
coupling. 

An operating process of the high turbulence mill according to present invention will be 
described hereinafter. 

The materials to be crushed are fed from the hopper 1 to the grinding casing 21 via the 
spiral conveyer 14 and the materials feeding pipe 4, The rotation of the bi-negative pressure 
turbine 16driven by the variable frequency motor produces a negative-pressure turbulence air 
flow, by which the materials are crushed by an impact force produced by the high turbulence 
air flow as well as a high shear effect. 

Since the curved blades 15 distributed at the left and right sides and the swallow-tailed 
toothed impact plate 20 are assembled on the base plate of the bi-negative pressure turbine 16 
and one end of each blade 15 adjacent to the shaft of flie base plate is fonned with an inclined 
surface^ a double vortex will be generated when the turbine is rotated in a high speed, which 
then leads to a bi-negative pressure and therefore a strong centrifugal force. With the 
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negative-pressure, the powder produced within the grinding casing 21 is not capable of 
leaking fiom the openings on flaijge plates positioned at the left and right sides of the grinding 
casing, thereby improving the sealing perfomance of the grindii^ casing. When solid 
materials to be crushed are exposed to the high tobulence field of the grinding casing 21, a 
gas-solid two-phase flow will be fonned. Then the materials may receive turbulence energy 
from the turbine 16, which is trajisfeired gradually from larger vortexes to smaller vortexes by 
an inertia effect. As a result, materials are effectively crushed due to violent impact, 
self-grinding effect, shear effect generated due to turbulence. Furthermore, a guidance shear 
force is produced by the toothed ring-shaped guide stator 18 in the grinding casing 21 and is 
applied to the materials. In the serrate tooth region, a violent self-grinding effect is generated 
among fine particles or the powders, accelerating an effective pulverization of the materials. 

As increasingly finer powders decrease in their weights, they come to leave the 
centrifugal region md float in a region around the periphery of the centrifugal region, where 
they are sucked into the spherical connector 11 by means of the discharging pipe 9, and are 
collected by the cyclone collector and the cloth-bag collector. 

The desired size of the finalized powder can be adjusted by adjusting the power of 
centrifugal fan and/or by adjusting the speed of the turbine. 

INDUSTRIAL APPLICABILITY 

The advantages and beneficial effects of present invention over the prior art will be 
described hereinafter. 

1 . A considerable energy-saving effect could be achieved, 

A traditional mechamcal grinding equipment uses mechanical energy to directly drive a 
movement of the medium so as to grind materials, which results in a low grinding efficiency 
and high energy consumption, A jet mill utilizes the energy carried by air injected at a sound 
speed or a subsonic speed to crush materials^ The conversion from mechanical energy to 
kinetic energy of air jet having a $ound speed will require a higher energy, thei^by in turn 
causing a larger energy consumption than the former. 

The energy saving principle of the high turbulence mill according to present invention 
lies in that an inertia effect in turbulence tends to transfer energy to smaller vortex having 
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large wavenmnbers, and a viscosity effect will become stronger as the wavenumber increases 
and will consume the energy transferred firom larger vortex by the inertia effect Rena*alt 
number Re of the present turbulence mil] is 6.6 X 10^. Since a high turbulence will occur when 
Re > 1.5 X 10^, a high turbulence is ensured within the high turbulence mill according to the 
present invention. The higher the Renault number, the stronger the inertia effect, which could 
in turn transfer energy to regions having even larger wavenumbers. Accordingly, viscosity 
effect is exhibited. When the Renault number reaches a suflSciently high level, a dissipation 
region will only exist at regions having very large wavenumbers which are far away from high 
energy regions, and at this point the high energy regions do not take part in the viscosity effect 
and do not cause an energy dissipation. 

The high turbulence mill of the present invention just utilizes such a property of 
turbulence having a high Renault number to economize energy for grinding. Since the Renault 
number (Re ^ 6,6 X 10^) of the present turbulence mill has reached a sufficiently high level, 
the inertia effect possess a dominant position, which facilitates an effective grinding of the 
materials. In other words, the turbulence kinetic energy transferred from the mechanical 
equipment (i.e. the turbine) can be nearly completely transferred to materials to be crushed, 
thereby effectively grinding the materials and reducing the energy dissipation. 

Such a feature of the high turbulence mill is unique compared with ail presently used 
grinding equipments, which directly apply mechanical ene^ to ttie materials to be crushed 
and thus grind mat^als, thereby resulting in a very low grinding efficiency. For example, a 
ratio of an effective grinding woxk to entire output energy of a conventional ball mill is only 
0,6%, and about 95-99% of energy is transformed into heat and is dissipated. Jet mill uses air 
jet at a sound or subsonic speed to grind materials, where a large amount of energy will be 
dissipated when mechanical energy is converted into kinetic energy carried by air jet, and 
therefore an even higher energy dissipation than the former one is generated. 

The high turbulence mill of the present invention uses turbulence generated by 
electrically driven turbine to grind materials, and has a less useless energy-consumption- An 
investigation on energy consumption shows that for the same granularity and the same ou^ut, 
the energy consumption of the present invention is 5% of that of jet mill, 10% of that of 
mechanical impact mill, and 15% of that of vibrational mill. Therefore, the social and 
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economic benefit brought by the energy saving effect of the present invention is great 

2. A good environmental protection effect could be achieved 

Nowadays, the prevention of environmental pollution and industrial noise pollution has 
raised a worldwide attention. Especially, the control of industrial dust is extremely difficult. 
Conventional grinding equipments have various shortcomings such as different degrees of ' 
powder leakage problem as well as a large volume of operation noise. In contrast, the hi^ 
turbulence mill according to present Invention could overcome said problems due to the 
specially designed turbine. When Hie turbine is rotated at a high speed, two negative pressures 
in the form of vortex are formed at both sides of the grinding casing due to the inclined 
surfaces of the blade, and then a strong turbulence is formed so as to effectively guarantee no 
leakage of the powder even if the shaft hole at the centre of the grinding casing is not provided 
with a sealing. 

Furthermore, since identical numbers of blades and toothed impact plates are 
symmetrically and alternately fitted at both sides of the bi-negative pressure turbine, a perfect 
dynamic balance as well as a stable and reliable rotation of the turbine could be assured. In 
addition, since the turbine is directly driven by an electric motor, without any additional 
decelerating devices, the entire apparatus has a low level of noise, generally about 70 dB. 

3. Possessing special technical features and high technical content 

SuperBne powder producing technology is a new material processing technology 
emerged in the 1990s as a result of adapting the development of high technology, and 
cuirently only a few countries have mastered this technology. Currently used air jet grinding 
technology might grind materials into superfine powders of lO^im (1200 mesh) to 2,5nm 
(5000 mesh). However, this technology has the shortcominp of high energy dissipation, low 
production effectiveness and low process accuracy. With the fast development in modem 
science and technology, the requirement on technology for preparing powder materials 
becomes increasingly higher, and is directed to prepare micrometer-scale or nano-scale 
powders with high accuracy. Currently, there seems to be no report on mechanical preparation 
technique in which physical method is used to produce micrometer-scale or nano-scale 
powder materials. 

The inventive high turbulence mill has the following special functions Corresponding to 
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the technique utilized: 

(1) High grinding accuracy 

A granularity of 0,U0.9\m could be obtained, and moreover t!he accuracy of powder is 
adjustable. Based on the grinding mechanism of the present invention* the technical effect that 
the granularity distribution is increasingly narrower and the size of powder becomes smaller 
with higher accuracy could be effectively achieved. 

(2) Perfect physical property 

The grinding principle is a pure physical activity which involves impacting and 
self-grinding of materials and does not involve any chemicai reaction, and thus the original 
physical nature of the materials is efiectively preserved. 

(3) Perfect performance at low temperature 

The hi^ turbulence mill is provided with cooling devices within the grinding casing, and 
the grinding of materials is rapidly conducted in a low temperature envir033anent, so that 
alteration of physical property of heat sensitive material due to excessively high temperatures 
during the grinding process could be avoided. 

(4) Grinding function, classification function and materials modification function are 
combined 

Currently existing equipment for producing superfine powder must be equipped with 
additional classification equipment to produce supennioro powder meeting the requirement, 
and also must be equipped with additional materials modijScation equipment to produce active 
powder. Thus, the production technology is complicated, and the cost of the equipment is high. 
The high turbulence mill of the present invention combine three processes of grinding^ 
classification and modification into one single process* and could simultaneously perform the 
processes of material grinding, powder classification and powder modification. The creative 
mechanism of the high turbulence mill is unique among currently used grinding equipments, 
which will greatly promote the progress of the grinder industry. 

A preferred embodiment of the present invention has been disclosed, and the present 
invention is not limited to any detail of the prefened embodiment, Equivalent structural 
modifications can be made without departing from the spirit and scope of the invention 
defined in the appended claims, For example, more tlian eight or less than eight blades could 
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be fitted onto the turbine^, and slightly chaug^s to the shape or structure of the blades could be 

made* 
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